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 官能調査 1ではリンゴ，メロン，レモン，イチゴ，オレンジの 5種類のゼリーについて，それぞれ果
実固有の色の他にダミーの色 2色を加えた計三色について調査を行った(Table.3.1)．パネラーに
はゼリーを見ただけでなんのゼリーと思うかまた食べた後になんのゼリーであったか質問した． 











































































































4.1 labeled line 説 
 












































































































































𝐺𝐶 ：( i , j )番目の( k , l )番目の GCニューロン間のシナプス結合荷重, 
𝑈𝑖𝑗(𝑡)：抑制ニューロンの出力, 
𝑂𝑘𝑙
𝐺𝐶：( k , l )番目 GCニューロンの出力, 
𝑤𝑅：抑制ニューロンから，( i , j )番目の GCニューロン間へフィードバック(FB)のシナプス結合荷重, 
𝑤𝑖𝑗,𝑚
𝐺𝐶−𝑂𝐹𝐶,𝐹𝐵：( i , j )番目の GCニューロンと m番目の OFCニューロン間のシナプス結合荷重, 
𝑂𝑚
𝑂𝐹𝐶(𝑡)：m番目の OFCニューロンの出力, 

























𝐺𝐶−𝐺𝐶(𝑡, 𝑡𝑑) + 𝜆・𝑂𝑘𝑙
𝐺𝐶(𝑡 − 𝑡𝑑)・𝑂𝑖𝑗
𝐺𝐶(𝑡) 





















𝐺𝐶(𝑡) + 𝐼𝑂(𝑡) 
τ𝑜𝑓𝑐：OFC ニューロンの時定数 

























 モデルにおけるパラメータの具体的な値は，以下の Table.1 に示す． 
Table.1 パラメータ 
 
    式 パラメータ値 
τ𝐺𝐶  (1) 15ms 
τ𝑈  (2) 15ms 
𝑤e  (2) -0.2 
𝜏𝑤
𝑔𝑐  (4) 10000ms 
τ𝑂𝐹𝐶   (5) 15ms 
τ𝑤
𝑂𝐹𝐶   (6) 10000ms 
𝜆  (4) 0.1 
𝜆𝑂𝐹𝐶   (6) 0.1 
𝑡𝑑  (1),(4) 10ms 
η  (2) 25 






























る際に，主成分の Sourの他に，Sour領域(OA,OB)に 10%だけ現れる．同様に Sugarの味を入力
する際には，主成分の Sugar と Sugar areaの別の場所(OC,OD)に 40%現れるとする．発火数の計



















遷移図を示す．学習期間後の無刺激状態のバックグラウンド期間(BG :4000 – 5000ms，5400 – 
5800ms，6200 – 6600ms，7000 – 7400ms，7800 – 8200ms，8600 – 9000ms)と，酸味と匂いな
しを加えた入力期間(non/sour, 5000 – 5400ms)，甘味と匂いなしを加えた入力期間(non/sugar, 
5800 – 6200ms)，酸味と酸っぱい匂いを加えた入力期間(sour/sour, 6600 – 7000ms)，甘味と甘い
匂いを加えた入力期間(sugar/sugar, 7400 – 7800ms)，そして酸味と甘い匂いを加えた入力期間
34 
 


















































































 Fig.7.12 と Fig.7.13はそれぞれ味と匂いがマッチしている組み合わせ時のハミング距離の分布で
ある．酸味の時の Fig.7.12 と Fig.7.10を比べると大きな変化は見られないが，甘味の時の Fig.7.11 














Fig.7.16 non-sour のヒストグラム 
 





Fig.7.18 sour-sour のヒストグラム 
 
 





































Fig.7.24 sugar-sugar と non-sugarの差 
 




































OL，OR，OA，OMの 4つの味情報がアトラクタとして記憶されている．また OFCは 4種類の視覚
(色)情報の入力を受ける．それらは Yellow, Amber, Brown, Greenである． 
OLはレモンの，ORはオレンジの SOUR以外の成分を表しており，同様に OAはリンゴの，OM
はメロンのSUGAR以外の成分を表している．Fig.7.27に例としてレモンの味認識をしているアトラク









 Fig.7.28は学習期間の味入力を示す．主成分である SOURを 100ｍｓ入れた後に副成分のOLを，
同様に主成分の SOURを入れた後に副成分の ORをいれた．甘味についても同じ入力を行い，1










Fig.7.29 学習時のニューロン発火  










ｍｓを味無入力期間として，5000-5400ｍｓを色は Yellowで味は OLを入力．その後 400ｍｓの BG
の後，同様に色はBrownで味はOAを5800-6200ｍｓの間入力した．この二つは味と色の組み合わ
せは正しくなっている． 
次に色は Amberで味は OLの組み合わせを 6600-7000ｍｓ，そして色が Greenで味は OAを
















































較のため，SOUR-OL間のシナプス結合荷重の平均を 1 として割合で SUGAR-OA間のシナプス
結合荷重の平均を表した．SUGAR-OA間のシナプス結合荷重の平均は SOUR-OL間のシナプス
結合荷重の平均に比べ 6割程度となっている．これは学習時に OLに比べ OAは分散が大きく，
主成分の SUGAR と結びつきにくくなっていることが原因であると考えられる．
 






均を表している．Y-OLの結合荷重を 1 としている． 
分散の小さい OLは Yellow と強固に結びついているのに対し，分散の大きい ORは違う味とも
結びついているのがわかる． 
Fig.7.31の 6600-7000ｍｓで味が OL，色が Amberの情報が入ってきているにも関わらず OLを
認識できたのは，OLの分散が小さく，味とニューロンが強固に結びついていることに加え，Amber
の色が ORだけでなく OL とも結合してしまっていることが原因であると考えられる．また 7400-7800




















Aと味 B，そして主成分が HClである味質の味 C と味 Dの 4種の混合味とし，味 Aの第 2成分以
下を Other A (OA)とし味 Bの第 2成分以下を Other B (OB)とし，味 Cの第 2成分以下を Other 
C(OC)，味Dの第2成分以下をOther D(OD)とした．また，今回はOFCに加え，扁桃体(Amygdala)
が上位核として加えられている．聴覚情報はOFCニューロンによって受け取られ，扁桃体に送られ
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Neural mechanism of taste perception elicited by expectation 
Shunsuke Matsuoka1 and Yoshiki Kashimori
1,2 
 
1 Graduate School of Information Systems, University of Electro-Communications, 
Chofu, Tokyo 182-8585 Japan,  
2 Dept. of Engeneering Science, University of Electro-Communication, Chofu Tokyo 
182-8585 Japan 
 
Tate, besides smell, contributes to our experience of environment, from the pleasure of 
eating to the formation of childhood memories. How are the information about taste 
qualities (e. g. salty, sour, sweet, and bitter) and intensity represented by activity in the 
nervous system? This question lies at the center of a long-standing debate in the field of 
gustatory neurobiology. In that time, two major theories have emerged that have 
dominated the literatures. There are the labeled-line theory and the 
across-neuron-pattern theory. However, it is not yet clear how the nervous systems 
process the information about taste quality and intensity. On the other hand, we seldom 
recognize experience of pure taste. Taste recognition is strongly influenced by other 
senses such as vision and smell. Additionally, it is also significaltly dependent on 
expectation and anticipation. However little is known about how expectation influences 
taste perception. We are concerned here with the neural mechanism of taste perception 
elicted by expectation. The basolateral amygdala (BLA) in rat has been reported to play 
an important role in taste expectation[1]. We developed a neural model of the gustatory 
system of rat including the primary gustatory cortex (GC) and the BLA. Using this 
model, we show that the GC integrates the information of taste components encoded by 
the hindbrain and represents the information of a mixed taste as a temporal sequence of 
dynamical attractors. We also show that a top-down signal from the BLA brings the 
membrane potentials of GC neurons to just below the firing threshold, leading to a rapid 
perception of taste. The present study provides a new insight into understanding how 
expectation improves the pocessing ability of gastatory information in GC.  
 





Effect of multimodal sensory integration on taste perception 
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Abstract―To investigate the effect of flavor on taste perception, we developed a neural model of 
gustatory system. We show that a top-down signal from orbitofrontal cortex, emerging flavor, enhances 
the activity of neurons in the primary gustatory cortex (GC). We also show that flavor largely influences 
the learning efficacy of taste information in the GC.  
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1. Introduction 
Tate, besides smell, contributes to our experience of environment, from the pleasure of eating to the 
formation of childhood memories. How are the information about taste qualities (e. g. salty, sour, sweet, 
and bitter) and intensity represented by activity in the nervous system? This question lies at the center of a 
long-standing debate in the field of gustatory neurobiology. In that time, two major theories have emerged 
that have dominated the literatures. There are the labeled-line theory and the across-neuron-pattern theory. 
However, it is not yet clear how the nervous systems process the information about taste quality and 
intensity.  
On the other hand, we seldom recognize experience of pure taste. Taste recognition is strongly 
influenced by other senses such as vision and smell. For example, people who lose their sense of smell 
often report that they can’t taste anything, even though when tasted they detect salt, sour, bitter, and sweet. 
So the quality we are interested is not taste per se, but flavor. However little is known about how flavor 
emerges in our brain.      
In the present study, we are concerned with the neural mechanism of flavor perception. Secondary 
gustatory cortex, or orbitofrontal cortex (OFC) has been reported to exhibit responses sensitive to a 
combination of taste and other senses [1]. We developed a neural model of gustatory system including 
primary gustatory cortex (GC) and OFC. Using this model, we show that a top-down signal from the OFC 
modulates a dynamic property of the GC network, playing a crucial role in flavor perception.  
 
2. Model 
The model consists of nucleus solitary tract (NST), gustatory cortex (GC), and orbitofrontal cortex 
(OFC), as shown in Fig.1. We used here two mixed tastes for the taste perception.  
 
2.1. Model of NST 
The NST is the input layer to the GC network. The NST neurons are arrayed in 2-dimensional lattice. 
It was reported from our previous study that taste component information involved in a mixed taste was 
spatiotemporally separated by a burst activity of NST neurons [2]. On the basis of the previous study, we 
assumed that mixed taste stimulus evokes an alternative spike pattern of primary and other taste 
components as shown in Fig. 2.   
 
2.2. Model of GC 
The model of GC has a two-dimensional array of neurons, which is divided into four sub-areas. Each 
sub-area is categorized based on a primary taste quality and memorizes information of taste components 
as dynamical attractors. The information of a mixed taste is represented by a temporal linkage of 
dynamical attractors, each is attractor of primary taste component and other components. The network 
model was based on dynamical map model [3]. The membrane potential of (i, j)th neuron, )(tVmij , is 





























                                            (1) 
where ),(,, ttw kljmm is the weight of the synaptic connection from (k, l)th neuron to (i, j)th one, with 
time delay t , and inhw is the synaptic weight of input from the inhibitory interneuron located at (i, j) 
site. )(tUmij  is the output of (i, j)th neuron and )(, tU ijinh is that of (i, j)th inhibitory neuron.  is the 
time constant. The output of (i,j)th neuron is determined by the following probability, 
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w    (4) 
where w is the time constant, and is the learning rate.  
 
2.3. Model of OFC 
The model of OFC consists of two neurons, which receive other sensory information (e. g. visual 
and olfactory information) from other sensory area. The neuron model was based on the model 
similar to the GC neuron model described by Eq. (1). These neurons are reciprocally connected with 
GC neurons in the four sub-areas. Top-down signal from OFC neuron to GC ones modulates activity 
of GC neurons. 
 
 
Fig. 1 The network model of gustatory system for performing taste perception. 
 
2.4. Inputs from NST to to GC 
The temporal order of input from NST to the GC is shown in Fig. 2. We used two mixed tastes, 
taste1 and tatse2, both contain the common primary taste component, NaCl, and different other 
components. These components were alternatively and repeatedly applied to the GC network during 
the learning, as shown in Fig. 2.      
 
 






3.1. Representation of taste information in GC network 
Figure 3 shows the temporal variation of the GC  
network state in which the network stays. In the background state in the absence of taste stimulus, 
the network has an itinerant state between the attractors of NaCl and two other components. Taste 
stimuli allow the network state to stay in the relevant attractors. Thus information of mixed taste, in 
GC, is represented by a temporal linkage of attractors, each representing the information of taste 
components.     
 
 
Fig. 3 Temporal variation of GC network state 
     
Figure 4 illustrates the frequency distributions of the network state on the basis of Hamming distance, 
for background state and taste perception. The background state produces a frequency distribution that 
has a peak atthe center location between the attractors of NaCl andother taste component. The taste 






Fig. 4 Frequency distribution of GC network state. The   frequency distributions of GC network state 
for background state (a) and taste perception (b).  
 
3.1. Effect of top-down signal from OFC to GC in taste perception 
   Figure 5 shows the temporal variation of GC network in the case where the GC network was learned 
by only feedforward signal from NST, in the absence of top-down signals from OFC. The absence of the 
top-down signals reduces the frequencies at which the GC network stays in the attractors of taste 
components, indicating a weak perception of taste. Eliminating the top-down signal from OFC also 
evokes a decreased activity of GC neurons, thereby preventing GC neurons from facilitating the synaptic 









Fig. 5 Temporal variation of GC network state in the absence of a top-down signal 
 
4. Concluding remark  
We have shown that a top-down signal modulates the dynamic property of GC neurons and the 
learning efficacy of taste information. The results presented here suggest that flavor enhances taste 










ている事が実験的に知られている。そこで我々は GC と BLA、OFC を含むラットの味覚システムの神経
モデルを作成した。本研究ではこのモデルを用いて、他感覚の情報や期待が GC で味覚情報を変化さ
せる神経機構について明らかにする。 
